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The 20.7/314-GHz Water Vapor Radiometer (WVR) located on the JPL Mesa in
Pasadena was used for atmospheric noise temperature measurements. Tipping curve data
and onfoff sun data taken on March 24, 1981 are compared. The analysis technigue is
described in detail. During the time of the data collection (7:00 a.m. to 12:20 p.m. ), the
sky was clear and the ground temperature and humidity varied from 14°C to 24°C and
65% to 51% respectively. The tipping curve data is felt to be the most accurate. The
averaged results of this data for 13 measurements during this time period are:

1 atmosphere

Frequency, GHz

Noise temperature contribution

Attenuation, dB

20.7 16.3+1.7
314 11,6 £1.2

0.26 £0.03
0.18£0.02

The indicated errors are 10 statistical and do not represent overall measurement accuracy.
Although this data is consistent with data taken previously at the Goldstone DSS 13
station, it is not necessarily representative of long-term atmospheric noise temperature

average.

l. Introduction

The 20.7/31.4-GHz Water Vapor Radiometer (WVR)
located on the JPL Mesa in Pasadena was used for atmospheric
noise temperature measurements, The data taken on March 24,
1981 is reported. The sky was clear, the ground relative
humidity varied from 65% (7:00 a.m.) to 51% (12:20 p.m.)
and the ground temperature varied from 14°C to 24°C over
the same time period.
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Periodically, the antenna was moved in zenith angle
between zenith and 60° (30° elevation) for a direct atmos-
pheric noise temperature measurement (tipping curve
method). For each calibration, both radiometers were
switched between the antenna, hot load and base (ambient
load). In addition, the antenna was peaked on the sun and a
difference measurement made between on-sun and off- (in
azimuth) sun (on/off sun method).




ll. Tipping Curve Method

Assuming a flat earth (Fig. 1) with a horizontally stratified
nonchanging atmosphere, and a narrow-beam antenna radiom-
eter system, the atmospheric loss factor L is given by

L=L§* )
or
L (dB) = L (dB)secz
where
z = zenith angle
L,L, = atmospheric loss at zenith angle z and vertical

respectively, ratio (L, L, > 1)

The atmospheric loss factor is squared (doubled in dB) for the
case of z =60° with reference to zenith. The noise tempera-
ture contribution of the atmosphere is given by

" = Tp( %) @)

where

T = equivalent physical temperature of the atmosphere’
(=280K),K .

The increase in system noise temperature at z with reference
to zenith is given by

AT =T 1——1——T 1__1._ +I£-IE.
v L P Lo L Lo
- - 11
h (TP. TC) (LO L?)ec z) )
where

T, = cosmic background noise temperature (2.7 K), K

The increase in system noise temperature at z = 60° (looking
through two atmospheres) with reference to zenith is given by

! Reference 1 indicates a technique for estimating Tp.

iR
oﬂ:

(4)

which indicates that for low loss (L, = 1) the increase in noise
temperature is approximately equal to the noise temperature
contribution at zenith (Ty), for this type of tipping curve.
Tables 1 and 2 [and 3 and 4] 2 indicate the results of this type
of measurement tabulated under ATy. Using Eq. (4) gives

L, =—-2:1x- (1—V1—4x)%1+x+2x2+5x3+... )

where
n
I
(Tp - Tc)
and
"o "
T, =L, AT0 + Tc (L0 -1 6)

The measured values of AT, from Tables 1 and 2 [and 3
and 4] are used with Egs. (5) and (6) to compute averaged L,
and Ty :

20.7 GHz

L, = (0.26 £0.03) dB [(0.26 + 0.02) dB]

Ty, = (163%1.7)K

[(16.1 £1.5)K]
31.4 GHz

L, = (0.18£0.02) dB [(0.18 +0.02) dB]

Ty = (11.6£1.2)K [(11.5 * 1.1)K]

2The data were analyzed in two ways for comparison: (1) individual
calibrations of the radiometer gain factor (kelvins/volt) and (2) a daily
average radiometer gain factor (2nd method shown in brackets).
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lil. On/Off Sun Method

Again assuming a flat earth (Fig. 1) with a horizontally
stratified nonchanging atmosphere

' _ —
AT, = AT, LFCF @)
where
AT' | AT_ = antenna temperature of the sun with and
sun sun

without atmospheric loss, K
ATs'un is measured using the radiometer with an on/off sun
technique. The antenna temperature of the sun is always less

than the equivalent black body disk temperature of the sun
for wide-beamwidth antennas.

Equation (7) becomes:

log AT, , = log AT, -seczlogl, 8)

This is the equation of a straight line y = 4 + Bx, where

y = log AT,
A = log AT
B =-logl,
X = secz |

so that with a log AT, vs sec z plot, the y intercept 4 gives
log AT, and the slope gives log L, (Ref. 2). Figures 2 and 3
[and Figs. 4 and 5] show this type of plot for the data from
Tables 1 and 2 {and Tables 3 and4]. The solid lines are
obtained from a computer least squares fit (Ref. 3, using
Eq. (4)), which also computes goodness of fit (¢AT,,,, and

oL, dB). The results are
20.7 GHz

AT, = (35.1£07)K [(35.9 £0.5) K]

L, = (0.15+0.05)dB  [(0.19 £0.03) dB]
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31.4 GHz

AT, = (29.7+08)K  [(29.9%0.7)K]

L, = (0.086 % 0.06) dB [(0.083 £ 0.05) dB]

For comparison, L, can be translated to an equivalent atmos-
pheric noise temperature contribution using Eq.(2). The
results are

20.7 GHz

Ty = (9.5%3)K [(12.0 £2) K]

31.4 GHz

Ty = (55t3)K  [(53£3)K]

IV. Conclusion

The errors indicated are all 1o statistical and do not contain
the bias errors to indicate overall accuracy. The differences in
results between the two methods are slightly greater than the
sum of the statistical errors in some cases. This is an indication
of the bias error magnitude. It is felt that the tipping curves
give the most accurate result. The primary advantage of the
tipping curve is the relative ease and fast results. The on/off
sun method requires more operator skill in peaking the
antenna beam on the sun with subsequent error possibility.
Further, the temperature and humidity are changing during
the day so that the atmospheric uniformity assumed in the
derivation is not strictly true both spatially and temporally.

Further refinement might include more days of data, differ-
ent weather conditions, correction for antenna size, etc.
Although the data presented is consistent with data taken
previously on the Mesa and at the Goldstone DSS 13 station, it
is not necessarily representative of long-term data average. The
WVR output at DSS 13 has been connected to the data collec-
tion system (MASDAS), which simultaneously collects data
from the X-band atmospheric noise temperature monitoring
system.
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Table 1. 20.7-GHz WVR data results Table 3. 20.7-GHz WVR data results using an average gain

(data taken on the JPL Mesa, Pasadena, on 3/24/81) K/V = 42.9 (data taken on the JPL Mesa, Pasadena, on 3/24/81)
i Local " , ,
I;;?ZI EL z ATy ATy, logATg, secz hﬁrerizilctlli:;, time ATy ATy, logaTg, secz
* 7:00 am 15.0 30.9 1.490 3.152
7:00am 185 71.5 153 30.5 1484 3152 65 7:20 16.3 326 1.513 2.816
7:20  20.8 69.2 164 325 1511 2816 64 1.45 163 326 1513 5459
7:45 240 66.0 164 32.8 1515 2459 63 8:00 154 326 1513 5203
oo ow mou @l o ons e
8:41 349 55.1 16.9 33.2 1.521  1.748 63 B4l 163 326 1.513 1.748
9:30  44.0 46.0 122 328 1516 1440 60 9:30 124 34.3 1.536 1.440
9:45  46.0 44.0 147 327 1515 1390 59 9:45 15.0 33.9 1.530 1.390
10:30 516 384 133 323 1510 1276 56 10:30 13.3 33.0 1.519 1:276
10:45  53.0 37.0 133 33.8 1528 1252 56 10:45 133 34.7 1.541 1.252
11:30 54.0 36.0 152 33.2 1.521  1.236 54 11:30 15.0 335 1.525 1.236
11:50  57.2 32.8 16.1 344 1536 1190 50 11:50 159 34.3 1.536 1.190
12:20 pm  56.9 33.1 15.1 346 1539 1194 51 12:20 pm 15.0 34.7 1.541 1.194
Table 2. 31.4-GHz WVR data results Table 4. 31.4-GHz WVR data results using an average gain
(data taken on the JPL Mesa, Pasadena, on 3/24/81) K/V = 53.1 (data taken on the JPL Mesa, Pasadena, on 3/24/81)
Local gy, AT AT log AT hReléctii've Local , : :
time 0 sun log ATy, secz um%) ity, time ATy AT log‘ATsun sec z
7:00am 18.5 71.5 11.2 28.1 1449  3.152 65 7:00 am 112 28.1 1.449 3.152
7:20 208 69.2 11.7 284 1454 2816 64 7:20 117 28.7 1.457 2.816
7:45 24.0 66.0 11.6 282 1.450 2459 63 7:45 11.7 28.7 1.457 2.459
8:00 27.0 63.0 11.9 274 1438 2203 63 8:00 11.7 276 1.441 2.203
8:30  33.0 57.0 12.6  30.5 1484 1.836 63 8:30 12.1 30.3 1.481 1.836
841 349 551 125 277 1443 1748 63 8:41 12.2 27.6 1.441 1.748
9:30  44.0 46.0 104 277 1443 1440 60 9:30 10.6 28.7 1.457 1.440
9:45 460 44.0 9.9 283 1452 1390 59 :45 101 29.2 1.465 1.350
10:30 516 384 9.6 294 1468 1276 56 10:30 2.6 297 1.473 1.276
10:45  53.0 37.0 91 300 1478 1252 56 10:43 2.0 303 1.481 1.252
11:30 540 36.0 10.7 281 1448 1236 54 11:30 10.6 281 1.449 1.236
11:50 67.2 328 119 29.5 1469 1190 50 11:50 117 292 1465 1.190
12:20 pm 10.1 29.2 1.465 1.194

12:20 pm 56.9 33.1 10.3 29.7 1.472 1.194 51
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Table 5. Summary of 20.7/31.4-GHz radiometric calibrations for 3/24/81

Method
Frequency, GHz Tipping curve On/off sun
TS (kelvins) L (dB) Tq (kelvins) Lo (dB)
207 16.3£1.7 0.26 + 0.03 9.5+3 0.15 + 0.05
) [16.1 £ 1.5] [0.26 = 0.02} [12.0 + 2] [0.19 x 0.03]
314 116 +1.2 0.18 + 0.02 55+3 0.086 + 0.06
: [11.5 = 1.1] [0.18 £ 0.02] [5.3 %3] [0.083 = 0.05]
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Fig. 2. Plot of log AT’ vs sec z @ 20.7 GHz using individual
radiometer gain calibrations
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Fig. 4. Plot of log AT’ . vs sec z @ 20.7 GHz using averaged
radiometer gain calibrations
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Flg. 5. Plot of log AT’,,, vs sec z @ 31.4 GHz using averaged
radiometer gain calibrations
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